Asian Pac J Cancer Prev, 15 (21), 9517-9522 Abstract Purple rice (Oryza sativa L. var. indica) cv. Kum Doisaket is cultivated in northern Thailand. This study evaluated the mutagenic and antimutagenic properties of hydrophilic and lipophilic components of purple rice using the Ames test. The seed and hull of purple rice were extracted with hexane, methanol, ethanol, and water. The methanol extracts had the highest amounts of phenolic acids and flavonoids, while the hexane extracts contained large amount of tocols and γ-oryzanol. None of the extracts were mutagenic in Salmonella typhimurium strains TA98 and TA100. The hexane extract of rice hull and the methanol extract of rice seed were strongly effective against aflatoxin B1-and 2-amino-3, 4 dimethylimidazo (4, 5-f) quinoline-induced mutagenesis, while aqueous extracts showed weakly antimutagenic properties. All extracts with the exception of aqueous extracts enhanced the number of revertant colonies from benzo (a) pyrene induced-mutagenesis. None of the extracts inhibited mutagenesis induced by the direct mutagens 2-(2-furyl)-3-(5-nitro-2-furyl) -acrylamide and sodium azide. The hull extracts showed more potent antimutagenicity than the seed extracts. Based on a chemical analysis, γ-oryzanol and γ-tocotrienol in the hull and cyanidin-3-glucoside and peonidin-3-glucoside in the seed are candidate antimutagens in purple rice. The antimutagenic mechanisms of purple rice might be related to either modulation of mutagen metabolizing enzymes or direct attack on electrophiles. These findings supported the use of Thai purple rice as a cancer chemopreventive agent.
Introduction
Cancer is a genetic disease associated with various risk factors, including direct gene mutation. Oncogenes, tumor suppressor genes, and DNA repair genes mutations can contribute to cancer, as these genes control cell growth and DNA repair. Mutations occur due to radiation, viruses, DNA replication errors, and environmental chemicals (Gasser and Raulet, 2006; Peltomaki, 2012) . The Salmonella mutation assay is a short-term carcinogenicity test that is used to evaluate the ability of chemical compounds to induce DNA mutations in bacteria (Mortelmans and Zeiger, 2000) . This test is not only used to screen for mutagenicity, but also to examine the antimutagenicity of various compounds such as phytochemicals isolated from edible plants.
Previous studies have shown that phytochemicals such as flavonoids, coumarins, quinones, and phenolic compounds possess antimutagenic activity in Salmonella. typhimurium (Bhattacharya, 2011) . Flavonoids include strong nucleophilic compounds that may prevent DNA damage from the electrophilic metabolites of the mutagen (Marnewick et al., 2000) . Oligomeric proanthocyanidins from Thai grape seeds presented antimutagenicity in TK6 cells by micronucleus and comet assays (Praphasawat et al, 2011) . Anthocyanins are flavonoids that produce the colors of many fruits and vegetables. Their biological effects include antioxidant, anti-inflammatory, antimicrobial, and anticarcinogenic activities (Kong et al., 2003) .
Landrace purple rice (Oryza sativa L. var. indica) cv. Kum Doisaket is a colored rice variety cultivated in Chiang Mai, Thailand. It contains high amounts of polyphenolic compounds, especially anthocyanins in both the seed and the hull. Several investigations have demonstrated that pigmented rice extract exhibits antioxidant, antiinflammatory, and in vitro anticarcinogenic activities (Kong and Lee, 2010; Leardkamolkarn et al., 2010; Min et al., 2010) . In addition, pigmented rice extract showed cytotoxic and apoptotic-inducing effects on human hepatocellular carcinoma HepG2 cells and also exhibited anti-metastasis activity against human breast cancer cells (Banjerdpongchai et al., 2013; Luo et al., 2014) .
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Rice hull is a waste by-product obtained during the rice milling process. It contains high amounts of polyphenolic compounds that apparently function to protect the rice seed. Jeon et al. (2006) reported that phenolic compounds from methanol extract of rice hull exhibited strong antioxidant activity against reactive oxygen species induced DNA damage in human lymphocytes. In addition, Kim et al. (2007) identified momilactone B from rice hull as the active compound against human colon cancer cells. Our group found that the dichloromethane extract of purple rice hull had antimutagenic effects in the Ames test and anticlastogenic effects on diethylnitrosamine-induced micronucleus formation in rat liver (Sankam et al., 2013) . Based on these observations, rice hull would appear to be a source of natural antimutagenic compounds.
Little is known concerning the mutagenic or antimutagenic properties of purple rice, as most studies have focused on its antioxidant activities. Therefore, the objectives of this study were to evaluate the in vitro mutagenic/antimutagenic effects of purple rice seed and hull extracted by various solvents (n-hexane, methanol, ethanol, and water). In addition, we determined the chemical constituents of the extracts, including γ-oryzanol, tocopherols, tocotrienols, phenolics, flavonoids, anthocyanins and anthocyanidins. The knowledge on these works contributed to the understanding on their potential antimutagenic application for the use as cancer chemoprevention.
Materials and Methods

Chemicals
Standard mutagens: aflatoxin B1 (AFB1) and benzo(a)pyrene (B(a)P), sodium azide (NaN 3 ) were obtained from Sigma-Aldrich Co., USA. 2-Amino-3, 4 d i m e t h y l i m i d a z o [ 4 , 5 -f ] q u i n o l i n e ( M e I Q ) , 2-(2-furyl)-3-(5-nitro-2-furyl)-acrylamide (AF-2) and 2-aminoanthracene (2-AA) were purchased from Wako Pure Chemicals Industries Ltd., Japan. The phenolic, flavonoid, anthocyanin, anthocyanidin, γ-oryzanol, and tocols standards for chemicals analysis were high performance liquid chromatography grade. All other chemicals were analytical grade.
Preparation of purple rice extracts
Purple rice (Oryza sativa var. indica) cv. Kum Doisaket was obtained from Assoc. Prof. Dr. Dumnern Karladee, Faculty of Agriculture, Chiang Mai University. The rice was cultivated from August to November at MaeHia Agricultural Research, Demonstrative and Training Center, Chiang Mai. Purple rice grains were dehulled using a hulling machine. The seed and hull were extracted with n-hexane, absolute methanol, 95% (v/v) ethanol, and distilled water for 48h. After filtration, the solutions were evaporated under reduced pressure and lyophilized to obtain the n-hexane, methanol, ethanol and aqueous extracts.
Determination of chemical constituents
The total phenolic content was measured according to the Folin-Ciocalteu method using gallic acid as a standard and the total flavonoid content was determined via the aluminium chloride colorimetric method using catechin as a standard (Inboot et al., 2012) .
Some phenolic acids and flavonoids in the purple rice seed and hull extracted with methanol, 95% ethanol, and water were measured using reverse-phased HPLC according to the method of Chen et al. (2001) with slight modification. The HPLC conditions were as follows: Column: C18 Columns; 4.6×250mm, 5μm and Eluent: 3% acetic acid in water and methanol. The wavelengths were set at 260, 280, 320, and 360nm. The quantitative determination of gallic acid, protocatechuic acid, catechin, vanillic acid, epicatechin, p-coumaric acid, ferulic acid, rutin, and quercetin were operated. The HPLC conditions for measuring anthocyanin and anthocyanidin contents were as follows: Column: RP-C18 Columns; 4.6×250 mm, 5 μm and Eluent: acetonitrile, 4% phosphoric acid in water and methanol. The wavelengths were set at 520 nm (Talavera et al., 2005) . The quantitative determination of delphinidin-3-glucoside, cyanidin-3-glucoside, peonidin-3-glucoside, malvidin-3-glucoside, delphinidin, cyanidin, pelargonidin, peonidin, and malvidin were performed.
The tocols (α, β, γ and δ forms) were analyzed using an HPLC system. The n-hexane extracts were injected through a Develosil C30 UG (250×4.6mm, 5μm). The separation was performed using the isocratic system with mobile phase conditions of methanol: distilled water (90:10). The tocols were detected via a fluorescence detector at 280 nm. The γ-oryzanol content was measured in the hexane extracts using a C18 reverse phase HPLC system. The mobile phase was composed of methanol, acetonitrile, dichloromethane, and acetic acid (50: 44: 3: 3) with a flow rate of 2mL/min. The γ-oryzanol was Asian Pacific Journal of Cancer Prevention, Vol 15, 2014 9519 DOI:http://dx.doi.org/10.7314/APJCP.2014.15.21.9517 Mutagenicity and Antimutagenicity of Hydrophilic and Lipophilic Extracts of Thai Northern Purple Rice quantified using a UV detector at a wavelength of 330nm (Sankam et al., 2013) . The standard chromatograms are presented in Figure 1A -1D.
Mutagenicity test
The mutagenicity test was performed in Salmonella typhimurium strains TA98 and TA100, with and without an exogenous metabolic activation system (S9 mix) (Maron and Ames, 1983) . The S. typhimurium strains TA98 and TA100 were obtained from Dr. Takehiko Nohmi, National Institute of Health Science, Japan. Briefly, the tester strain was incubated with various concentrations of each extract and phosphate buffer or S9 mix. After incubation, top agar containing 0.05 mM L-histidine and 0.05 mM D-biotin was added and poured onto a minimal glucose agar plate. The plates were incubated at 37 o C for 48 h and the numbers of histidine-independent revertant colonies were counted. In the absence of metabolic activation, AF-2 was used as a positive control, whereas 2-AA was used as a positive control in the presence of metabolic activation. If the revertant colonies were 2 times higher than spontaneous revertant colonies, the test sample was identified as a possible mutagen.
Antimutagenicity test
For the antimutagenicity test, the assay steps were performed as per the mutagenicity test. In the absence of S9 mix, AF-2 and NaN 3 were used as standard mutagens in strains TA98 and TA100, respectively. In the assays with S9 mix, AFB1 and MeIQ were used in strain TA98 and B(a)P was used in strain TA100. The number of histidine-independent revertant colonies was counted after incubation by comparing with the positive control. Antimutagenicity was expressed as percentage of inhibition of mutagenicity by the following formula:
A=number of revertants in standard mutagen plates, B=number of spontaneous revertants, C=number of revertants of test plates.
Statistical analysis
Results for chemical components were expressed as mean±SD. The results for the Salmonella mutation assay were expressed as mean number of His+ revertant colonies±SEM. For the antimutagenic results, the percentage inhibition was expressed as mean±SEM. Triplicate plates were tested per dose in three independent experiments.
Results and Discussion
Chemical constituents in purple rice seed and hull extracts
The major hydrophilic and lipophilic constituents present in the extracts of purple rice seed and hull are listed in Table 1 . The purple rice seed and hull extracted with methanol presented the highest total phenolic and total flavonoid contents as compared to the other hydrophilic solvents. In addition, we found that purple rice hull and seed extracts contained 40-60% flavonoids in the total phenolic content. The most abundant phenolic acids contained in rice hull extracts were vanillic acid, p-coumaric acid, and protocatechuic acid. However, rice seed contained the highest amount of protocatechuic acid and vanillic acid, respectively. Moreover, rice hull extracts composed of epicatechin, while rice seed extract consisted of catechin. Low amounts of ferulic acid and rutin were found in rice hull extract, whereas gallic acid and quercetin were not detected in either rice seed or hull extracts.
The major anthocyanins contained in purple rice seed and hull extracts were peonidin-3-glucoside and cyanidin-3-glucoside (Table 2) content, including delphinidin and cyanidin, was highest in the methanol extract of rice seed and hull. However, delphinidin-3-glucoside, malvidin, peonidin and pelargonidin were not found in purple rice cv. Kum Doisaket. In the present study, we found that the amounts of anthocyanidins and anthocyanins in purple rice seed extracts were twice that of purple rice hull extracts. In this study, total phenolic compounds and total flavonoids in purple rice seed and hull n-hexane extracts were not detected. The amounts of tocopherols (α, β, γ and δ forms), tocotrienols (α, β, γ and δ forms), and γ-oryzanol were determined in hexane extracts of seed and hull of purple rice (Table 3) . Total vitamin E content in rice seed extracts was higher than in rice hull extracts, similar to the results for the white rice variety . The major vitamin E present in purple rice cv. Kum Asian Pacific Journal of Cancer Prevention, Vol 15, 2014 9521 DOI:http://dx.doi.org/10.7314/APJCP.2014.15.21.9517 Mutagenicity and Antimutagenicity of Hydrophilic and Lipophilic Extracts of Thai Northern Purple Rice Doisaket was α-tocopherol, while β-tocotrienol was not detected in either parts of the purple rice. Interestingly, the purple rice hull contained higher amounts of γ-oryzanol than purple rice seed.
Mutagenicity and antimutagenicity of seed and hull extracts of purple rice
The mutagenicity and antimutagenicity of purple rice seed and hull extracts were determined using S. typhimurium strains TA98 and TA100 in the presence and absence of metabolic activation. Purple rice hull and seed extracts did not increase the number of revertant colonies when compared to negative controls (Table 4) . A constant concentration of 5mg/plate for each extract, with the exception of the aqueous extract, had a killing effect on bacteria. This may have been due to the high concentration of flavonoids with antimicrobial activity via either reducing membrane fluidity of bacterial cells or forming a complex with protein and the bacterial cell wall (Cushnie and Lamb, 2005; Salem et al., 2013) . These results suggested that purple rice extracts were not mutagenic in S. typhimurium strains TA98 and TA100 in both presence and absence of S9 mix.
The highest amount of the purple rice extract used in the antimutagenicity assay was a non-cytotoxic dose; 5mg/plate for the aqueous extract and 1 mg/plate for other extracts. In the presence of metabolic activation, all extracts reduced the number of revertant colonies induced by AFB1 and MeIQ (Figure 2A and 2B) . At the concentration of 0.1mg/plate, the methanol extract of purple rice seed moderately inhibited AFB1-induced mutagenesis (69% inhibition), while the hexane extract of hull and the methanol extract of seed inhibited MeIQ-induced mutagenesis by 58% and 54% inhibition, respectively.
Previous reports have indicated that the antimutagenic activity might be due to several mechanisms, including directly protecting DNA from the electrophilic metabolite of the mutagen and inhibiting enzymes involved in mutagen metabolism (Bhattacharya, 2011) . AFB1 and MeIQ are environmental contaminants metabolized by cytochrome P450 (CYP) 1A2 and react with DNA causing mutations (Turesky and Vouros, 2004; Gross-Steinmeyer and Eaton, 2012) . The purple rice extracts might suppress CYP1A2 activity, leading to diminution of AFB1-and MeIQ-induced mutagenicity. On the other hand, all extracts with the exception of the aqueous extract enhanced the number of revertant colonies induced by benzo(a)pyrene, indicating co-mutagenicity ( Figure 2C) . These results suggest that some phenolic compounds, including flavanoids in the organic solvent extracts of purple rice, might enhance the activity of benzo(a)pyrene activating enzymes.
In the absence of metabolic activation, the extracts had a weak inhibitory effect on direct-acting mutagens AF-2 and NaN 3 ( Figure 3A and 3B) . The ethanol extract of purple rice hull showed the highest inhibition rate (58% inhibition) to AF-2. However, purple rice seed extracts did not inhibit AF-2-induced mutagenesis. The hexane extract of purple rice hull had moderate antimutagenicity (55% inhibition), while the methanol extract of purple rice seed showed mild antimutagenicity (41% inhibition) against NaN 3 . These results indicated that the purple rice extracts act so as to modulate xenobiotic metabolizing enzymes rather than directly react with the ultimate mutagens.
Flavonoids contain strong nucleophilic centers that can react with electrophilic compounds, leading to prevention of genotoxic damage (Marnewick et al., 2000) . Moreover, the position of functional groups in flavonoids influences their antimutagenic properties (Snijman et al., 2007) . Previous investigations have demonstrated that the structure of flavonoids is also associated with mutagen metabolism. For example, flavonoids containing a methoxyl group can induce CYP1A1 enzyme, which is an enzyme involved in benzo(a)pyrene metabolism (Androutsopoulos 2011) . Moreover, some flavonols and flavones inhibited CYP1A2 activity, but enhanced CYP1A1 acitivity (Moon et al., 2006; Chatuphonprasert and Jarukamjorn, 2012) . In addition, previous studies have emphasized that flavonoids act as AhR antagonists or agonists depending on their structure and concentration (Hodex et al., 2002) . Although CYP1A1 and CYP1A2 are regulated via the aryl hydrocarbon receptor (AhR) (Delescluse et al., 2000) , the CYP1A1 gene promoter is also regulated by other pathways, such as the retinoid pathway (Vecchini et al., 1994) . Based on previous studies, we proposed that the flavonols and flavones in purple rice seed and hull extracts may have an effect on the induction of CYP1A1and inhibition of CYP1A2.
In the present study, the hexane extract of purple rice hull had the most potent effects concerning mutagenesis. Previous studies have found that vitamin E and γ-oryzanol exhibited antimutagenic and anticarcinogenic activities (Tavan et al., 1997; . The hexane extract of rice hull contained more γ-oryzanol and γ-tocotrienol than hexane rice seed extract. Therefore, we propose that γ-oryzanol and γ-tocotrienol are the major antimutagenic compounds in purple rice hull.
The methanol extract of purple rice seed was the most effective antimutagen. This study has shown that the major chemical constituents in the methanol extract were phenolic acid and flavonoids. In addition, the antimutagenicity of the methanol extract of rice seed was correlated with the anthocyanin content, especially cyanidin-3-glucoside and peonidin-3-glucoside, which possess antimutagenic activity (Charoensin et al., 2012) . Based on these findings, we consider the anthocyanins to be the antimutagenic compounds in purple rice seed.
Oryza sativa L. var. indica, Kum Doisaket, thus contains candidate antimutagenic compounds. The protective activity of the extracts of purple rice was possibly related to the enzymes involved in mutagen metabolism, via modulation of mutagen metabolizing enzymes or direct attack on mutagenic electrophiles. These findings provide valuable information for further applied research on the use of the rice products as health foods.
